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© Tolane ^derivatives, liquid crystal compositions containing the derivatives and liquid crystal display 
device using the compositions. 

© Disclosed is a tolane derivative, a liquid crystal composition containing the derivative and a liquid crystal 
display device using the composition, wherein the tolane derivative is represented by the following general 
formula: 



Xl X2 



CM 
CM 

00 

in 



Ul 



(1) 
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wherein R represents a straight-chain alkyi group having 1 to 10 carbon atoms, each of Xi, X2. X3 and X4 
represents a fluorine atom and Y represents a nitrlle group or a straight chain alkyI group having 1 to 10 carbon 
atoms. By blending the above-described compound with a general liquid crystal composition a liquid crystal 
composition can be provided which exhibits a wide practical temperature range as well as a large anisotropy of 
the refractive index. 
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The present invention relates to a novel tolane derivative useful as a connponent of electro-optic display 
materials, a liquid crystal composition containing the derivative and a liquid crystal display device using the 
composition. 

Liquid crystal display devices utilize the electro-optical effect of liquid crystals. The display modes 
5 currently used include the twisted nematic (hereinafter referred to as TN) mode and the super twisted 
nematic (hereinafter referred to as STN) mode the latter having a much larger twist angle than the former. 
The characteristics of the liquid crystals required for these display modes are as follows: 

1 . Colorless and thermal-, photo-, electrical- and chemical- stability; 

2. Wide practical temperature range; 

JO 3. High-speed electro-optical response; - 

4. Low driving voltage; 

5. Steep voltage-light transmittance characteristic, and small temperature dependency of the threshold 
voltage (hereinafter referred to as Vth); and 6. Wide visual angle. 

A number of liquid crystal compounds which satisfy the characteristic 1 is well known. However, no 
75. single liquid crystal compound is known which satisfies any of the characteristics 2 to 6. Therefore, in order 
to satisfy these characteristics, liquid crystal compositions in which several kinds of nematic liquid crystal 
compounds or non-liquid crystal compounds are blended have been used. 

For example, in order to satisfy the characteristic 2, a liquid crystal compound which has not only a low 
crystal phase-nematic liquid crystal phase transition point (hereinafter referred to as C-N point) but also a 
20 high nematic liquid crystal phase-isotropic liquid transition point (hereinafter referred to as N-l point) and 
consequently has a wide temperature range of the nematic liquid crystal phase, is required. 

The response speed t, the viscosity n and the cell gap d (the thickness of the liquid crystal layer) bear 
the following relationship: 

25 T a Tjd^ 

Thus, in order to satisfy the characteristic 3, i.e., to make the response speed fast, the cell gap d should be 
decreased. 

In cells practically used, in order to prevent the occurrence of interference fringes on the surface of the 
30 cell which deteriorates the cell appearance, the product An»d (An means the anisotropy of the refractive 
index) should have a certain value. Therefore, by using a material having a high An value, the cell gap d 
can be made small and, thereby, the response speed increased. 

In order to satisfy the characteristics 2 and 3 simultaneously, tolane derivatives (shown in Table 1 
below) can be employed which are known as liquid crystal materials having not only a wide temperature 
35 range of the nematic liquid crystal phase but also a large An value (described in e.g. Adv. in Liquid Crystal 
Research and Application (edited by L. Bata), Oxford: Pergamon Press; Budapest: Akademiai Kiado 1980, 
S. 1029; JP-A-305040/1989). 
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Table 1 



5 


No. 


Structural Formula 


Transition 
ruini 


1 itArafiirA 


10 
15 


(i) 


C sH 1 i^Q)'C =C-<P^C=C-<Pk sH u 
^Cl 


C-N point: 
100*^C 
N-l point: 


Adv. in Liquid Crystal 
Research and 
Application 


20 


lii) 


C sHi =C-<Q^C-C^QhC sH 1 1 


C-N point: 

77*>C 
N-l point: 


Adv. in Liquid Crystal 
Research and 
Application 


25 


(iii) 


C3H7^CoC^C=C-<P^C3H7 


C-N point: 
179°C 
N-l point: 


JP-A-305040/1989 


30 
35 


(iv) 


C4H9 -<P>-C=C-<P>-C=C^Q>-C4H9 

! 


C-N point: 
152°C 

N-l point: 
216**C 


JP-A-305040/1989 


40 




C5Hi.^C=C-<P^CoC^Q><:5Hix 


C-N point: 
151**C 

N-l point: 
212*'C 


JP-A-305040/1989 



45 

It is described in the above literature that the compounds (i) and (ii) exhibit the nematic state in a wide 
temperature range and have no smectic state, and that the compounds (lii), (iv) and (v) have well-balanced 
desirable properties as liquid crystal components such as an extremely large An value, a low viscosity tor 
compounds of three-ring structure and a high N-l point, respectively. 

50 However, in the compounds (i) and (ii), the An is expected to be smaller, since they have chlorine atom 
or nitrile group in the side chains In their skeletons. On the other hand, the compounds (lii). (iv) and (v) have 
C-N points of 150' C or higher, and consequently it has to be assumed that these compounds lack 
sufficient compatibility with other liquid crystal compounds. 

It is an object of the present invention to provide a novel liquid crystal compound which exhibits an 

55 excellent compatibility with several kinds of nematic liquid crystal compounds or non-liquid crystal 
compounds, and from which a novel liquid crystal composition having a wide practical temperature range 
and a large An value can be obtained by blending it with other compounds. 
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0 Another object of the present invention Is to provide a liquid crystal display device having a wide 

practical temperature range and exhibiting a high-speed response by using said novel composition. 

These objects are achieved with a tolane derivative, a liquid crystal composition and a liquid crystal 
display device, respectively, as claimed. 
5 Specific embodiments of the invention will be described in detail below with reference Examples and to 
the single drawing which illustrates a liquid crystal display cell produced according to the present invention. 
Compound (I) of the present invention can be prepared according to the following reaction steps: 



10 



15 



20 



25 



30 



35 



40 



45 



50 





•Br (2) 



step 1 



3-inethyl-l-butyne-3-ol 

CCC&Hs) sPDsPdCl. 

(C6H5) 3P. CuI/(C2H5) 3N ^ 

CH3 



X3 

Step 3 I IC1/^H3C00R pyridine 




NHz (S) 



R-^^)^C =C-C - OH (3) 



Step 4 



CH3 

Step 2 NaH/toluene 



X3 X4 

1. Na>raa H2SO4/CH3CCOH 

2. CuBr. 4»5ffir/CH3COOH 



CH (4) 



Step 5 




(9) 




CCCfiHs) aP] zPdCla 
CuI/(CeH5) zNH 



Br (8) 



HO-C-CsC 
I 

CH3 
Step 7 



3-methyl-l-butyne-3-ol 

C(C6H5)3PD2PdCl2 
(C6H5)3P. Cul 




•Y (10) 

NaH/toluene 
■Y (11) 



Step 8 



C(C6H5) sPDzPdClz 
(CeHs) 3P. CuI/(C2H5) 3N 




(1) 



(In the formulae, R represents a straight-chain alkyi group having 1 to 10 carbon atoms, each of Xi, X2, X3 
and X4 represents a fluorine atom or a hydrogen atom wherein at least one Xi to X4 represents a fluorine 
55 atom, and Y represents a nitrile group or a straight-chain alky I group having 1 to 10 carbon atoms.) 

Step 1: Compound (2) is reacted with 3-methyl-1-butyne-3-ol in triethylamine in the presence of bis- 
(triphenylphosphine)palladium(n) chloride, triphenylphosphine and copper(l) iodide to give Compound (3). 
Step 2: Compound (3) is reacted with sodium hydride in toluene, to give Compound (4). 
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Step 3: Compound (5) is reacted with iodine monochloride in acetic acid in the presence of pyridine to 
give Compound (6). 

Step 4: Compound (6) is reacted with sodium nitrite and sulfuric, acid in acetic acid to be converted into 

a diazonium salt, followed by reaction with copper (I) bromide and hydrobromic acid, to give Compound 
5 (7). In case where Compound (6) is commercially available, however, Step 3 is needless to carry out, 

and in case where Compound (7) is commercially available. Steps 3 and 4 are needless to carry out. 

Step 5: Compound (4) is reacted with Compound (7) in diethylamine in the presence of bis- 

(triphenylphosphine)palladium(ll) chloride and copper(l) iodide to give Compound (8). 

Step 6: Compound (9) is reacted with 3-methyl-1-butyne-3-ol in triethylamine in the presence of bis- 
10 (triphenylphosphine)palladium(ll) chloride, triphenylphosphine and copper(l) iodide to give Compound 

(10). 

Step 7: Compound (10) is reacted with sodium hydride in toluene to give Compound (1 1). 
Step 8: Compound (8) is reacted with Compound (11) in triethylamine in the presence of bis- 
(triphenylphosphine)palladium(ll) chloride, triphenylphosphine and copper(l) iodide to give Compound (1). 
75 Examples of base components of the liquid crystal composition to be mixed with the tolane derivatives 
of the present invention are shown below, but are not limited thereto. The tolane derivatives of the present 
invention are characteristic in that they exhibit an excellent compatibility with all of the conventional liquid 
crystal ccm.pounds or their analogues and the resulting liquid crystal compositions have wide practical 
temperature ranges and large An values. 



20 



25 



30 



35 



^^^^ ^^C^-^ 



" '^-eMO^^H0>-a- ^^^^^^ 

50 (In the formulae, each of R and R' represents an alkyi group, an alkoxy group, an alkoxymethylene group, a 
nitrile group or a flourine atom; phenylene groups may have a halogen substituent at 2-position or 3- 
position; and the cyclohexane rings are in trans configuration.) 

The blending ratio of the compounds of the present invention in a liquid crystal composition is in the 
range of 1 to 50 wt%. It is particularly preferable to be in the range of 3 to 30 wt% in consideration of 
55 precipitation of crystals in the low temperature region. 

The liquid crystal display apparatus which uses the liquid crystal composition containing at least one 
kind of the compounds of the present invention is highly suitable for a liquid crystal display apparatus which 
utilizes time-sharing addressing mode. In particular, TN mode- and STN mode-liquid crystal display devices 
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prepared by using the said compositions can be driven by high tinne-sharing addressing. 
EXAMPLES 

5 To further illustrate the present invention, the following Examples will be given. 
Example 1 : [Synthesis of Compound (1-a)] 

Preparation of 1 -(4'-propylphenylethyny l)-4-(4"-pentylphenylethynyl)-2-f luorobenzene 

10 

Step 1: l-Bromo-4-propylben2ene (60 g), 3-methyl-1-butyne-3-ol (38 g), triphenylphosphine (1.3 g) and 
bis(triphenylphosphine)palladium(ll) chloride (0.7 g) were dissolved in triethylamine (260 ml) under 
nitrogen atmosphere, and then copper(l) iodide (0.2 g) was added thereto. The mixture was stirred at 
room temperature for 1 hour, and then further stirred at 90 •C for 5 hours. The resulting precipitated 
75 crystals were filtered off, and triethylamine was then distilled off, followed by extraction with chloroform. 
The resultant was washed with 10 % hydrochloric acid twice, and further with water twice, followed by 
distilling off chloroform therefrom. The residue was purified by the use of silica gel-chloroform column 
chromatography to give 3-methyl-1-(4*-propylphenyl)-1-butyne-3-ol (37 g). 

Step 2: 3-Methyl-1-(4'-propylphenyl)-1-butyne-3-ol (33 g) was dissolved in toluene (320 ml) under 
20 nitrogen atmosphere, and then sodium hydride (60 % in paraffine liquid: 2 g) was added thereto. The 
mixture was stirred at 60*C for 6 hours. The reaction solution was poured into water (300 ml), and then 
extracted with chloroform, followed by washing with water 3 times. After distilling off toluene and 
chloroform, the resultant was distilled under reduced pressure (b.p. 60 to 63 •CM mmHg) to give 4- 
propylphenylacetylene (16 g). 
25 Steps 3 and 4: These steps were needless to carry out, since 4-bromo-2-fluoro-1-iodobenzene is 
commercially available. 

Step 5: 4-Bromo-2-fluoro-1-iodoben2ene (33 g) was dissolved in diethylamine (37 ml) under nitrogen 
atmosphere, and then bis(triphenylphosphine)palladium(ll) chloride (0.1 g) and copper(l) iodide (0.1 g) 
were added thereto, followed by stirring. The flask was cooled to S'C or below, and then 4- 

30 propylphenylacetylene (16 g) was added dropwise thereto. After stirring at room temperature for 5 hours, 
the reaction solution was poured into a mixture of concentrated hydrochloric acid (23 ml) and ice (150 g). 
After extraction with chloroform, the resultant was washed with water twice, followed by distilling off 
chloroform therefrom. The residue was distilled under reduced pressure (b.p. 190 to 200-0/4 mmHg), 
and then recrystallized from a mixed solvent of acetone and methanol to give 4-bromo-2-fluoro-4'- 

35 propyltolane (23 g). 

Step 6: 1-Bromo-4-pentylbenzene (102 g), 3-methyl-1-butyne-3-ol (38 g), triphenylphosphine (2 g) and 
bis(triphenylphosphlne)palladium(li) chloride (1 g) were dissolved in triethylamine (390 ml) under nitrogen 
atmosphere, and then copper(l) iodide (0.3 g) was added thereto. After stirring at room temperature for 1 
hour, the reaction mixture was further stirred at 90*0 for 5 hours. The resulting precipitated crystals 

40 were filtered off, and thentriethylamine was distilled off therefrom, followed by extracting with chloroform. 
The resultant was washed with 10 % hydrochloric acid twice, and further with water twice, and then 
chloroform was distilled off therefrom. The residue was purified by use of silica gel-chloroform column 
chromatography to give 3-methyl-1-(4'-pentylphenyl)-l-butyne-3-ol (82 g). 

Step 7: 3-Methyl-1-(4*-pentylphenyl)-1-butyne-3-ol (82 g) was dissolved in toluene (900 ml) under 
45 nitrogen atmosphere, and then sodium hydride (60 % in paraffin liquid; 5.6 g) was added thereto, 
followed by stirring at 60*0 for 6 hours. The reaction solution was poured into water (500 ml), and 
extracted with chloroform, followed by washing with water 3 times. After distilling off toluene and 
chloroform, the resultant was distilled under reduced pressure (b.p. 85 to 90*C/3 mmHg) to give 4- 
pentylphenylacetylene (48 g). 
50 Step 8: 4-Bromo-2-fluoro-4'-propyltolane (3.8 g), 4-pentylphenylacetylene (2.1 g), triphenylphosphine 
(0.05 g) and bis(triphenylphosphine)palladium(ll) chloride (0.02 g) were dissolved in triethylamine (27 ml) 
under nitrogen atmosphere, and then copper(l) iodide (0.01 g) was added thereto, followed by reflux for 5 
hours. The reaction solution was poured into water (300 ml), and then extracted with chloroform. After 
washing the resultant with water twice, chloroform was distilled off therefrom. The residue was purified 
55 by use of silica gel-chloroform column chromatography, and then recrystallized from acetone to give 1- 
(4'-propylphenylethynyl)-4-(4"-pentylphenylethynyl)-2-fluoroben2ene (1.4 g). The C-N point and the N-l- 
point of the compound were 81 .3 " C and 202.7 * 0, respectively. 
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The following compounds were synthesized in the sanae manner as the above nnethod 
l,4-bis(4'-nnethylphenylethynyl)-2-fluorobenzene 
1-(4*-methylphenylethynyl)-4-(4"-ethylphenylethynyl)-2-fluorobenzene 
1-(4'-methylphenylethynyl)-4-(4"-propylphenylethynyl)-2-fluorobenzene 

5 1-(4*-methylphenylethynyl)-4-(4"-butylphenylethynyl)-2-fluorobenzene 
1-(4'-methylpheny!ethynylH-(4"-pentylphenylethynyl)-2-fluorobenzene 
1-(4'-methylphenylethynyl)-4-(4"-hexylphenylethynyl)-2-fluorobenzene 
1-(4'-methylphenylethynyl)-4-(4"-heptylphenylethynyl)-2-fluorobenzene 
1-(4'-methylphenylethynyl)-4-(4"-octylphenylethynyl)-2-fluorobenzene 

10 l-(4'-methylphenylethynyl)-4-(4"-nonylphenylethynyl)-2-fluorobenzene 
1-(4'-methylphenylethynyl)-4-(4"-decylphenylethynyl)-2-fluorobenzene 
1-(4'-ethylphenylethynyl)-4(4"-methylphenylethynyl)-2-fluorobenzene 
1,4-bis(4'-ethylphenylethynyl)-2-fluorobenzene 
1 (4'-ethylphenylethynyl)-4-(4"-propylphenylethynyl)-2-f luorobenzene 

75 1-(4'-ethylphenylethynyl)-4-(4"-butylphenylethynyl)-2-fluorobenzene 
1-(4'-ethylphenylethynyl)-4-(4"-pentylphenylethynyl)-2-fluoroben2ene 
1-(4'-ethylphenylethynyl)-4-(4"-hexylphenylethynyl)-2-fluorobenzene 
1-(4'-ethyiphenyieihynyl)-4-(4"-heptylphenylethynyl)-2-fluorobenzene 
1-(4'-ethylphenylethynyl)-4-(4"-octylphenylethynyl)-2-fluorobenzene 

20 1-(4'-ethylphenylethynyl)-4-(4"-nonylphenylethynyl)-2-fluorobenzene 
1-(4'-ethylphenylethynyl)-4-(4*'-decylphenylethynyl)-2-fluorobenzene 
1-(4'-propylphenylethynyl)-4-(4"-methylphenylethynyl)-2-fluoroben2ene 
1-(4*-propylphenylethynyl)-4-(4"-ethylphenylethynyl)-2-fluoroben2ene 
C-N point 1 50.3 • C, N-l point 21 4.1 • C 

25 1 ,4-bis(4'-propylphenylethynyl)-2-fluorobenzene 
C-N point 1 47.0 • C. N-l point 220.0 • C 
1-(4'-propylphenylethynyl)-4-(4"-butylphenylethynyl)-2-fluorobenzene 

C-N point 11 2.4 * C. N-l point 203.7 " C 
1-(4'-propylphenylethynyl)-4-(4"-hexylphenylethynyl)-2-fluorobenzene 

30 1-(4'-propylphenylethynyl)-4-(4"-heptylphenylethynyl)-2-fluorobenzene 
1-(4'-propylphenylethynyl)-4-(4"-octylphenylethynyl)-2-fluorobenzene 
1-(4'-propy!phenylethynyl)-4-(4"-nonylphenylethynyl)-2-fluorobenzene 
1-(4*-propylphenylethynyl)-4-(4"-decylphenylethynyl)-2-fluorobenzene 
1-(4'-butylphenylethynyl)-4-(4'*-methylphenylethynyl)-2-fiuorobenzene 

35 1-(4'-butylphenylethynyl)-4-(4"-ethylphenylethynyl)-2-fluorobenzene 
1-(4*-butylphenylethynyl)-4-(4"-propylphenylethynyl)-2-fluorobenzene 

C-N point 1 1 2.6 • C, N-l point 201 .2 " C 
1,4-bis(4'-butylphenylethynyl)-2-fluorobenzene 
C-N point 91 .5 • C, N-l point 1 85.6 * C 

40 1-(4'-butylphenylethynyl)-4-(4"-pentylphenylethynyi)-2-fluorobenzene 
C-N point 78.5 "C, N-l point 186.9'C 
1-(4'-butylphenylethynyl)-4-(4"-hexylphenylethynyl)-2-fluorobenzene 
1-(4*-butylphenylethynyl)-4-(4"-heptylphenylethynyl)-2-fluorobenzene 
1-(4*-butylphenylethynyl)-4-(4"-octylphenylethynyl)-2-fluorobenzene 

45 1-(4*-butylphenylethynyl)-4-(4"-nonylphenylethynyl)-2-fluorobenzene 
1-(4'-butylphenylethynyl)-4-(4"-decylphenylethynyl)-2-fluorobenzene 
1-(4'-pentylphenylethynyl)-4-(4"-nnethylphenylethynyl)-2-fluoroben2ene 
1-(4'-pentylphenylethynyl)-4-(4"-ethylphenylethynyl)-2-fluorobenzene 
1-(4*-pentylphenylethynylH-(4"-propylphenylethynyl)-2-fluorobenzene 

50 C-N point 88.3 • C. N-l point 203.0 " 0 

1-(4'-pentylphenylethynyl)-4-(4"-butylphenylethynyl)-2-fiuorobenzene 

C-N point 82.4 -C, N-l point 187.7-C 
1 ,4-bis(4'-pentylphenylethynyl)-2-ftuorobenzene 
C-N point 89.2 -C. N-l point 189.0'C 

55 l-(4'-pentylphenylethynyl)-4-(4"-hexylphenylethynyl)-2-fluorobenzene 
1-(4'-pentylphenylethynyl)-4-(4*'-heptylphenylethynyl)-2-fluorobenzen8 
1-(4'-pentylphenylethynyl)-4-(4"-octylphenylethynyl)-2-fluoroben2ene 
1-(4'-pentylphenylethynyl)-4-(4"-nonylphenylethynyl)-2-fluoroben2ene 
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1-(4'-pentylphenyIethynyl)-4-(4"-clecylphenylethynyl)-2-fluorobenzene 

1-(4'-hexylphenylethynyl)-4-(4"-methylphenylethynyl)-2-fluorobenzene 

1-(4'-hexylphenylethynyl)-4-(4"-ethylphenyl0thynyl)-2-fluoroben20ne 

1-(4'-hexylphenylethynyl)-4-(4'*-propylphenylethynyl)-2-fluoroben2ene 
5 1-(4'-hexylphenylethynyl)-4-(4"-butylphenylethynyl)-2-fluoroben2ene 

1-(4'-hexylphenylethynyl)-4-(4'*-pentylphenylethynyl)-2-fluorobenzene 

1 ,4-bis (4'-hexylphenylethynyl)-2-fluorobenzene 

1-(4'-hexylphenylethynyl)-4-(4"-heptylphenylethynyl)-2-fluorobenzene 

1-(4'-hexylphenylethynyl)-4-(4'*-octylphenylethynyl)-2-fluorobenzene 
10 1-(4'-hexylphenylethynyl)-4-(4"-nonylphenyiethynyl)-2-fluorobenzene 

1-(4'-hexylphenylethynyl)-4-(4"-decylphenylethynyl)-2-fluorobenzene 

1-(4'-heptylphenylethynyl)-4-(4"-methylphenylethynyl)-2-fluoroben2ene 

1-(4*-heptylphenylethynyl)-4-(4"-ethylphenylethynyl)-2-fluoroben2ene 

1-(4*-heptylphenylethynyl)-4-(4"-propylphenylethynyl)-2-fluoroben2ene 
15 1-(4'-heptylphenylethynyl)-4-(4"-butylphenylethynyl)-2-fluoroben2ene 

1-(4'-heptylphenylethynyl)-4-(4*'-pentylphenylethyny!)-2-fluoroben2ene 

1-(4'-heptylphenylethynyl)-4-(4"-hexylphenylethynyl)-2-fluoroben2ene 

1,4-bis(4*-heptylphenylethynyi)-2-fiuoroben2eria 

1-(4'-heptylphenylethynyl)-4-(4"-octylphenylethynyl)-2-fluoroben2ene 
20 1-(4'-heptylphenylethynyl)-4-(4*'-nonylphenylethynyl)-2-fluoroben2ene 

1-(4*-heptylphenylethynyl)-4-(4"-decyIphenylethynyl)-2-fluoroben2ene 

1-(4'-octylphenylethynyl)-4-(4"-methylphenylethynyl)-2-fluorobenzene 

1-(4'-octylphenylethynyI)-4-(4"-ethylphenylethynyl)-2-fluoroben2ene 

1-(4'-octylphenylethynyl)-4-(4"-propylphenylethynyl)-2-fluoroben2ene 
25 1-(4'-octylphenylethynyl)-4-(4"-butylphenylethynyl)-2-fiuoroben2ene 

1-(4'-octylphenylethynyl)-4-(4"-pentylphenylethynyl)-2-fluorobenzene 

1-(4'-octylphenylethynyl)-4-(4"-hexylphenylethynyl)-2-fluoroben2ene 

1-(4'-octylphenylethynyl)-4-(4"-heptylphenylethynyl)-2-fluorobenzene 

1.4-bis(4'-octylphenylethynyl)-2-fluorobenzene 
30 1-(4'-octylphenylethynyl)-4-(4"-nony!phenyiethynyl)-2-fluorobenzene 

1-(4'-octylphenylethynyl)-4-(4"-decylphenylethynyl)-2-fluoroben2ene 

1-(4'-nonylphenylethynyl)-4-(4"-methylphenylethynyl)-2-fluoroben2ene 

1-{4'-nonylphenylethynyl)-4-(4"-ethylphenylethynyl)-2-fluorobenzene 

1-(4'-nonylphenylethynyl)-4-(4"-propylphenylethynyl)-2-fluorobenzene 
35 1-(4'-nonylphenylethynyl)-4-(4"-butylphenylethynyl)-2-fluorobenzene 

1-(4*-nonylphenylethynyl)-4-(4"-pentylphenylethynyl)-2-ftuorobenzene 

1-(4'-nonylphenylethynyl)-4-(4"-hexylphenylethynyl)-2-ftuorobenzene 

1-(4*-nonylphenylethynyl)-4-(4"-heptylphenylethynyl)-2-fluorobenzene 

1-(4*-nonylphenylethynyl)-4-(4"-octylphenylethynyl)-2-fluoroben2ene 
40 1 ,4-bis (4'-nonylphenylethynyl)-2-fiuoroben2ene 

1-(4'-nonylphenylethynyl)-4-(4"-decylphenylethynyl)-2-fluoroben2ene 

1-(4'-decylphenylethynyl)-4-(4"-methylphenylethynyl)-2-fIuoroben2ene 

1-(4'-decylhenylethynyl)-4-(4"-ethylphenylethynyl)-2-fluorobenzene 

1-(4'-decylphenylethynyl)-4-(4"-propylphenylethynyl)-2-fluorobenzene 
45 1-(4*-decylphenylethynyl)-4-(4**-butylphenylethynyi)-2-fluoroben2ene 

1-(4*-decylphenylethynyl)-4-{4"-pentylphenylethynyl)-2-fluorobenzene 

1-(4*-decylphenylethynyl)-4-(4"-hexylphenylethynyl)-2-fluoroben2ene 

l-(4'-decylphenylethynyl)-4-(4"-heptylphenylethynyl)-2-fluorobenzene 

1-(4'-decylphenylethynyl)-4-(4"-octylphenylethynyl)-2-fluorobenzene 
50 1.4-bis(4*-decylphenylethynyl)-2-fluorobenzene 

1-(4*-decylphenylethynyl)-4-(4'*-nonylphenylethynyl)-2-fluorobenzene 

Example 2 : [Synthesis of Compound (l-b)] 

55 Preparation of 1 -(4*-pentylpheny lethyny l)-4-(4"-cyanopheny lethyny l)-2-fluoroben2ene 

Steps 1 and 2: 4-Pentylphenylacetylene was synthesized in the same manner as Steps 6 and 7 in 
Example 1. 
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Steps 3 and 4: These steps were needless to carry out, since 4-bromo-2-fluoro-l-iodoben2ene is 
comnnerciaily available. 

Step 5: 4-Bromo-2-fluoro-1-iodoben2ene (57 g) was dissolved in diethylamine (66 ml) under nitrogen 
atmosphere, and then bis(triphenylphosphine)pallad(um(ll) chloride (0.5 g) and copper(l) iodide (0.5 g) 

5 were added thereto, followed by stirring. The flask was cooled to 5*C or below, and then 4- 
pentylphenylacetylene (36 g) was added dropwise thereto. After stirring at room temperature for 5 hours, 
the reaction solution was poured into a mixture of concentrated hydrochloric acid (40 ml) and ice (30 g). 
After extraction with chloroform, the resultant was washed with water twice, followed by distilling off 
chloroform therefrom. The residue was distilled under reduced pressure (b.p. 205 to 210 'C/3 mmHg), 

10 and then recrystallized from a mixed solvent of acetone and methanol to give 4-bromo-2-fluoro-4'- 
pentyltolane (27 g). 

Step 6: 4-Bromoben2onitrile (30 g), 3-methyl-1-butyne-3-ol (13.4 g), triphenylphosphine (0.7 g) and bis- 
(triphenylphosphine)palladium(ll) chloride (0.3 g) were dissolved in triethylamine (140 ml) under nitrogen 
atmosphere, and then copper(l) iodide (0.1 g) was added thereto. After stirring at room temperature for 1 
75 hour, the reaction mixture was further stirred at 90 *C for 5 hours. The resulting precipitated crystals 
were filtered off, and then triethylamine was distilled off therefrom, followed by extracting with chlo- 
roform. The resultant was washed with 10 % hydrochloric acid twice, and further with water twice, and 
then chloroform was distilled off therefrom. The residue was distilled under reduced pressure (140 to 
. 160*C/5 mmHg) to give 3-methyi-1-(4'-cyanophenyl)-1-buiyne-3-o! (23.5 g). 
20 Step 7: 3-Methyl-1-(4'-cyanophenyl)-1-butyne-3-ol (23.5 g) was dissolved in toluene (250 ml) under 
nitrogen atmosphere, and then sodium hydride (1 .6 g) was added thereto, followed by stirring at 80 to 
90 'C for 4 hours. The reaction solution was poured into water (300 ml), and then extracted with 
chloroform, followed by washing with water 3 times. After distilling off toluene and chloroform, the 
resultant was recrystallized from methanol to give 4-cyanophenylacetylene (9.9 g). 
25 Step 8: 4-Bromo-2-fluoro-4'-pentyltoiane (5.2 g), 4-cyanophenylacetylene (1.9 g), triphenylphosphine 
(0.06 g) and bis(triphenylphosphine)palladium(ll) chloride (0.04 g) were dissolved in triethylamine (33 ml) 
under nitrogen atmosphere, and then copper(I) iodide (0.01 g) was added thereto, followed by reflux for 5 
hours. The reaction solution was poured into water (300 ml), and then extracted with chloroform. After 
washing the resultant with water twice, chloroform was distilled off therefrom. The residue was purified 
30 by use of silica gel-chloroform column chromatography, and then recrystallized from a mixed solvent of 
acetone and chloroform to give 1-(4'-pentylphenylethynyl)-4-(4"-cyanophenylethynyl)-2-fluorobenzene 
(2.7 g). The C-N point and the N-l-point of the compound were 150.5*C and 256.5 • C, respectively. 
The following compounds were synthesized in the same manner as the above method: 
1-(4*-methylphenylethynyl)-4-(4"-cyanophenylethynyl)-2-fluorobenzene 
35 1-(4'-ethylphenylethynyl)-4-(4"-cyanophenylethynyl)-2-fluorobenzene 
1-(4*-prppylphenylethynyl)-4-(4"-cyanophenylethynyl)-2-fluorobenzene 
1-(4'-butylphenylethynyl)-4-(4"-cyanophenylethynyl)-2-fluorobenzene 
1-(4'-hexylphenylethynyl)-4-(4"-cyanophenylethynyl)-2-fluoroben2ene 
1-(4'-heptylphenylethynyl)-4-(4"-cyanophenylethynyl)-2-fluorobenzene 
40 1-(4'-octylphenylethynyl)-4-(4"-cyanophenylethynyl)-2-fluorobenzene 
1-(4'-nonylphenylethynyl)-4-(4"-cyanophenylethynyl)-2-fluorobenzene 
1-(4'-decylphenylethynyl)-4-(4"-cyanophenylethynyl)-2-fluorobenzene 

Example 3 : [Synthesis of Compound (1-c)] 

45 

Preparation of 4-(4*-propylphenylethynyl)-1 -(4"-cyanophenylethynyl)-2-fluorobenzene 

Steps 1 and 2: 4-Pentylphenylacetylene was synthesized in the same manner as Steps 6 and 7 in 
Example 1 . 

50 Step 3: This step was needless to carry out, since 2-fluoro-4-jodoaniline is commercially available. 

Step 4: Sodium nitrite (51.2 g) was dissolved in sulfuric acid (390 ml), and then acetic acid (454 ml) was 
added thereto at 10' C or below. The mixed solution was kept at 20 to 25 'C, and 2-fluoro-4-iodoantline 
(124 g) was added during 1 hour, followed by stirring for 2 hours. The reaction solution was added 
dropwise to a mixed solution of copper bromide (130 g) with 48 % hydrobromic acid (390 ml), and 

55 stirred overnight. Then, water (1000 ml) was added to the solution, and the resulting solution was 
extracted with chloroform, followed by washing with water 3 times. After distilling off chloroform, the 
resultant was distilled under reduced pressure (b.p. 120 to 125-C/13 mmHg), and then recrystallized 
from methanol to give 1-bromo-2-fluoro-4-iodobenzene (114 g). 
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Step 5: 1-Bromo-2-fluoro-4-iodoben2ene (15 g) was dissolved in diethylamine (17 ml) under nitrogen 
atmosphere, and then bls(triphenylphosphine)palladium(ll) chloride (0.12 g) and copper(l) iodide (0.12 g) 
were added thereto, followed by stirring. The flask was cooled to 5*C or below, and then 4- 
propylphenylacetylene (8 g) was added dropwise thereto. After stirring at room temperature for 5 hours. 
5 the reaction solution was poured into a mixture of concentrated hydrochloric acid (10 ml) and ice (50 g). 
After extraction with chloroform, the resultant was washed with water twice, followed by distilling off 
chloroform. The residue was recrystallized from a mixed solvent of acetone and methanol to give 4- 
bromo-3-fluoro-4'-propyltolane (11 g). 

Steps 6 and 7: 4-Cyanophenylacetylene was synthesized in the same manner as Steps 6 and 7 in 
10 Example 2. 

Step 8: 4-Bromo-3-fluoro-4'-propyItolane (4.8 g), 4-cyanophenylacetylene (1.9 g), triphenylphosphine 
(0.06 g) and bis(triphenylphosphine)palladium(ll) chloride (0.04 g) were dissolved in triethylamine (33 ml) 
under nitrogen atmosphere, and then copper(l) iodide (0,01 g) was added thereto, followed by reflux for 5 
hours. The reaction solution was poured into water (300 ml), and then extracted with chloroform. After 
75 washing the resultant with water twice, chloroform was distilled off therefrom. The residue was purified 
by use of silica gel-chloroform column chromatography, and then recrystallized from a mixed solvent of 
acetone and chloroform, to give 4-(4*-propylphenylethynyl)-1 -(4"-cyanopheny lathy nyl)-2-fluoroben2ene 
(3.4 g). The C-N point and the N-l-point of the compound were 163.6*C and 275.3 ^C, respectively. 
The following compounds were synthesized in the same manner as the above method: 
20 4-(4'-methylphenylethynyl)-1-(4"-cyanophenylethynyl)-2-fluorobenzene 
4-(4*-ethylphenylethynyl)-1-(4"-cyanophenylethynyl)-2-fluoroben2ene 
4-(4'-butylphenylethynyl)-1-(4**-cyanophenylethynyl)-2-fluorobenzene 
4-(4'-pentylphenylethynyl)-1-(4"-cyanophenylethynyl)-2-fluorobenzene 
4-(4'-hexylphenylethynyl)-1-(4"-cyanophenylethynyl)-2-fluoroben2ene 
25 4-(4*-heptylphenylethynyl)-1-(4*'-cyanophenylethynyl)-2-fluorobenzene 
4-(4'-octylphenylethynyl)-1-(4"-cyanophenylethynyl)-2-fluorobenzene 
4-(4'-nonylphenylethynyl)-1-(4*'-cyanophenylethynyl)-2-fluoroben2ene 
4-(4'-decylphenylethynyl)-1-(4"-cyanophenylethynyl)-2-fluorobenzene 

Example 4 : [Synthesis of Compound (1-d)] 

Preparation of 5-(4'-propylphenylethynyl)-2-(4"-butylphenylethynyl)-1 ,3-difluoroben2ene 

Steps 1 and 2: 4-Propylphenylacetylene was synthesized in the same manner as Steps 1 and 2 in 
35 Example 1. 

Step 3: 2,6-Difluoroaniline (38 g) was dissolved in acetic acid (120 ml), and then pyridine (25 g) was 
added thereto, followed by stirring. Then, a mixture of iodine monochloride (50 g) with acetic acid (30 ml) 
was added dropwise thereto. After stirring at room temperature for 1 hour, the reaction solution was 
further stirred at 70 to 80 for 2 hours. Then, the reaction solution was poured into water, and the 

40 precipitated crystals were filtered off, followed by washing with water. The resulting crystals were 
dissolved in chloroform, and then washed with water twice, further with 10 % potassium hydroxide 
aqueous solution twice, and furthermore with water twice, followed by distilling off chloroform. The 
residue was distilled under reduced pressure (b.p. 120 to 130'C/20 mmHg), and then recrystallized from 
methanol to give 4-iodo-2,6-difluoroaniline (44 g). 

45 Step 4: Sodium nitrite (17 g) was dissolved in -sulfuric acid (130 ml), and then acetic acid (150 ml) was 
added thereto at 10 •C or below. The mixed solution was kept at 20 to 25 "C. and 4-iodo-2,6- 
difluoroaniline (44 g) was added thereto during 1 hour, followed by stirring for 2 hours. The reaction 
solution was added dropwise to a mixed solution of copper (I) bromide (43 g) with 48 % hydrobromic 
acid (125 ml), and stirred overnight. Then, water (1000 ml) was added to the solution, and the resulting 

50 solution was extracted with chloroform, followed by washing with water 3 times. After distilling off 
chloroform, the resultant was recrystallized from methanol to give 2-bromo-1,3-difluoro-4-iodobenzene 
(38 g). 

Step 5: 2-Bromo-1,3-difluoro-4-iodobenzene (20 g) was dissolved in diethylamine (30 ml) under nitrogen 
atmosphere, and then bis(triphenylphosphine)paIladium(ll) chloride (0.06 g) and copper(l) iodide (0.06 g) 
55 were added thereto, followed by stirring. The flask was cooled to 5'C or below, and then 4- 
propylphenylacetylene (10 g) was added dropwise thereto. After stirring at room temperature for 5 hours, 
the reaction solution was poured into a mixture of concentrated hydrochloric acid (15 ml) and ice (30 g). 
After extraction with chloroform, the resultant was washed with water twice, followed by distilling off 
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chloroform. The residue was distilled under reduced pressure (b.p. 185 to 192*C/4 mmHg). and then 
recrystallized from a mixed solvent of acetone and methanol to give 4-bromo-3,5-difluoro-4'-propyltolane 
(12 g). 

Step 6: 1-Bromo-4-butylbenzene (235 g). 3-methyl-1-butyne-3-ol (139 g). triphenylphosphlne (4.8 g) and 
bis(triphenylphosphlne)palladium(ll) chloride (2.8 g) were dissolved in triethylamine (1,000 ml), and then 
copper(l) iodide (0.8 g) was added thereto. After stirring at room temperature for 1 hour, the reaction 
mixture was further stirred at 90 • C for 5 hours. The resulting precipitated crystals were filtered off, and 
then triethylamine was distilled off therefrom, followed by extracting with chloroform. The resultant was 
washed with 10 % hydrochloric acid twice, and further with water twice, and then chloroforrri was distilled 
off therefrom. The residue was purified by use of silica gel-chloroform column chromatography to give 3- 
methyl-1-(4'-butylphenyl)-1-butyne-3-ol (100 g). 

Step 7: 3-Methyl-1-(4'-butylphenyl)-1-butyne-3-ol (100 g) was dissolved In toluene (900 ml) under 
nitrogen atmosphere, and then sodium hydride (60 % In paraffin liquid; 5.7 g) was added thereto, 
followed by stirring at 60'C for 6 hours. The reaction^solution was poured, into water (500 ml), and then 
extracted with chloroform, followed by washing with water 3 times. After distilling off toluene and 
chloroform, the resultant was distilled under reduced pressure (b.p. 62 to 65*C/3 mmHg) to give 4- 
butylphenylacetylene (63 g). 

Step 8: 4-Bromo-3.5-difluoro-4'-propyltolane (5.0 g), 4-butylphenylacetylene (2.4 g), triphenylphosphlne 
(0.06 g) and bis(triphenylphosphine)palladium(ll) chloride (0.04 g) were dissolved in triethylamine (33 mi) 
under nitrogen atmosphere, and then copper(l) iodide (0.01 g) was added thereto, followed by reflux for 5 
hours. The reaction solution was poured into a mixture of concentrated hydrochloric acid (16 ml) and ice 
(30 g), and then extracted with chloroform. After washing the extract solution with water twice, chloroform 
was distilled off therefrom. The residue was purified by use of silica gel-chloroform column chromatog- 
raphy, and then recrystalllzed from acetone to give 5-(4'-propylphenylethynyl)-2-(4"-butylphenylethynyl)- 
1 ,3-difluorobenzene (3.5 g). The C-N point and the N-l point of the compound were 120.4°C and 
181.9'*C, respectively. 

The following compounds were synthesized in the same manner as the above method: 
5-(4'-methylphenylethynyl)-2-(4"-methylphenylethynyl)-1,3-difluorobenzene 
5-(4'-methylphenylethynyl)-2-(4"-ethylphenylethynyl)-1,3-dlf!uorobenzene 
5-(4'-methylphenylethynyl)-2-(4"-propylphenylethynyl)-1.3-difluorobenzene 
5-(4'-methylphenylethynyl)-2-(4"-butylphenylethynyl)-1 ,3-difluorobenzene 
5-(4'-methylphenylethynyl)-2-(4"-pentylphenylethynyl)-1,3-difluorobenzene 
5-(4*-methylphenylethynyl)-2-(4*'-hexylphenylethynyl)-1 ,3-difluorobenzene 
5-(4'-methylphenylethynyl)-2-(4*'-heptylphenylethynyl)-1 ,3-difluorobenzene 
5-(4'-methylphenylethynyl)-2-(4"-octylphenylethynyl)-1,3-dlfluorobenzene 
5-(4'-methyiphenylethynyl)-2-(4"-nonylphenylethynyl)-1,3-difluoroben2ene 
5-(4'-methylphenylethynyl)-2-(4"-decylphenylethynyl)-1 ,3-difluorobenzene 
5-(4*-ethylphenylethynyl)-2-(4"-methylphenylathynyI)-1 ,3-difluorobenzene 
5-(4'-ethylphenylethynyl)-2-(4"-ethylphenylethynyl)-1,3-difluorobenzene 
5-(4'-ethylphenylethynyl)-2-(4"-propylphenylethynyl)-1 ,3-difluorobenzene 
5-(4'-eth'ylphenylethynyl)-2-(4"-butylphenylethynyl)-1 ,3-difluorobenzene 
5-(4'-ethylphenylethynyl)-2-(4"-penty!phenylethynyl)-1 ,3-difluorobenzene 
5-(4*-ethylphenylethynyl)-2-(4"-hexylphenylethynyl)-1.3-difluoroben2ene 
5-(4'-ethylphenylethynyl)-2-(4"-heptylphenylathynyl)-1,3-difluoroben2ene 
5-(4'-ethylphenylethynyl)-2-(4"-octylphenylethynyl)-1,3-difluorobenzene 
5-(4'-ethylphenylethynyl)-2-(4"-nonylphenylethynyl)-1,3-difluoroben2ene 
5-(4'-ethylphenylethynyl)-2-(4"-decylphenylethynyl)-1 ,3-difluorobenzene 
5-(4*-propyiphenylethynyl)-2-(4"-methylphenylethynyl)-1,3-difluorobenzene 
5-(4'-propylphenylethynyl)-2-(4"-ethylphenylethynyl)-1,3-difluorobenzene 
5-(4'-propylphenylethynyl)-2-(4"-propylphenylethynyl)-1 ,3-difluorobenzene 

C-N point 155.9'C, N-l point196.9'C 
5-(4'-propylphenylethynyl)-2-(4"-pentylphenylethynyI)-1.3-difluorobenzene 

C-N point 79.6 -C. N-l point 182.7*C 
5-(4'-propylphenylethynyl)-2-(4"-hexylphenylethynyl)-l,3-dlfluorobenzene 
5-(4'-propylphenylethynyl)-2-(4"-heptylphenylethynyl)-1,3-difluoroben2ene 
5-(4*-propylphenyIethynyl)-2-(4"-octylphenylethynyl)-1,3-difluoroben2ene 
5-(4'-propylphenylethynyl)-2-(4"-nonylphenylethynyl)-1.3-difluorobenzene 
5-(4*-propylphenylethynyl)-2-(4"-decylphenylethynyl)-1.3-difluoroben2ene 
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5-(4'-butylphenylethynyl)-2-(4"-methylphenylethynyl)-1,3-difluoroben2ene 

5-(4'-butylphenylethynyl)-2-(4''-ethylphenylethynyl)-1.3-difluoroben2ene 

5-(4'-butylph0nylethynyl)-2-(4"-propylphenylethynyl)-1.3-difluorobenzene 

C-N point 115.5-C, N-l point 180.6-C 
5-(4*-butylphenylethynyl)-2-(4"-butylphenylethynyl)-1,3-d(fluorobenzene 

C-N point 96.2 -C, N-l point 167.7*C 
5-(4'-butylphenylethynyl)-2-(4"-pentylphenylethynyl)-1,3-difluorobenzene 

C-N point 78.3*0, N-l point 168.7*C 
5-(4'-butylphenylethynyl)-2-(4*'-hexylphenyl©thynyl)-1,3-difluoroben2ene 
5-(4*-butylphenylethynyl)-2-(4"-heptylphenyletfiynyi)-1,3-difluoroben2ene 
5-(4'-butylphenylethynyl)-2-(4"-octylphenylethynyl)-1,3-difluoroben2ene 
5-(4'-butylphenylethynyl)-2-(4"-nonylphenylethynyl)-1 ,3-dlfluorob0nzene 
5-(4'-butylphenylethynyl)-2-(4"-decylphenylethynyl)-l,3-difluorobenzene 
5-(4*-pentylphenylethynyl)-2-(4*'-nnethylphenyletliynyl)-1,3-difluoroben2ene 
5-(4'-pentylphenylethynyl)-2-(4"-0thylphenylethynyl)-1,3-difluorobenzene 
5-(4*-pentylphenylethynyl)-2-(4"-propylphenylethynyl)-1,3-difluoroben2ene 
5-(4'-penty!phenylethynyl)-2-(4"-butylphenylethynyl)-1,3-difluorobenzene 
5-(4'-pentylphenylethynyl)-2-(4"-pentylphenyiethynyl)-1,3-dif!uorobenzene 
5-(4*-pentylphenylethynyl)-2-(4"-hexylphenylethyny!)-1,3-difluorobenzene 
5-(4*-pentylphenylethynyl)-2-(4*'-heptylphenylethynyl)-1,3-difluoroben2ene 
5-(4'-pentylphenylethynyl)-2-(4"-octylphenylethynyl)-1.3-difluorobenzene 
5-(4'-pentylphenylethynyl)-2-(4"-nonylphenylethynyl)-1,3-difluoroben2ene 
5-(4'-pentylplienylethynyl)-2K4"-decylphenylethynyl)-1,3-difluoroben2ene 
5-(4'-hexy!phenylethynyI)-2-(4"-methylphenylethynyI)-1.3-difluorobenzene 
5-(4'-hexylphenylethynyl)-2-(4"-ethylphenylethynyl)-1,3-difluorobenzene 
5-(4'-hexylphenyletiiynyl)-2-(4"-propylphenylethynyl)-1,3-difluorobenzene 
5-(4*-hexylphenyletliynyl)-2-(4"-butylphenylethynyl)-1,3-difluorobenzene 
5-(4'-hexylphenylethynyl)-2-(4*'-pentylphenylethynyl)-1.3-difluorobenzene 
5-(4'-hexylpheny!ethynyl)-2-(4*'-hexylphenyiethynyl)-1,3-dif!uorobenzene 
5-(4'-hexylphenylethynyl)-2-(4"-heptylphenyletliynyl)-1,3-difluorobenzene 
5-(4'-liexylphenylethynyl)-2-(4"-octylphenylethynyl)-1,3-difluorobenzene 
5-(4'-hexylphenyletliynyl)-2-(4"-nonylphenylethynyl)-1,3-difluorobenzene 
5-(4'-hexylphenylethynyl)-2-(4"-decylphenylethynyl)-1,3-difluorobenzene 
5-(4'-heptylplienylethynyl)-2-(4"-methylphenylethynyl)-1,3-difluoroben2ene 
5-(4'-heptylphenylethynyl)-2-(4"-ethylphenylethynyl)-1,3-difluoroben2ene 
5-(4'-heptylphenylethynyl)-2-(4"-propylphenylethynyl)-1,3-difluoroben2ene 
5-(4'-heptylphenylethynyl)-2-(4"-butylphenyletliynyl)-1,3-difluoroben2ene 
5-(4'-heptylphenylethynyl)-2-(4"-pentylphenylethynyl)-1,3-difluoroben2ene 
5-(4'-heptylphenyletliynyl)-2-(4"-hexylphenylethynyl)-1,3-d(fluoroben2ene 
5-(4'-heptylphenylethynyl)-2-(4"-heptylphenyletliynyl)-1,3-difluoroben2ene 
5-(4'-heptylphenylethynyl)-2-(4"-octylphenylethynyl)-1,3-difluoroben2ene 
5-(4'-heptylphenylethynyl)-2-(4"-nonylphenylethynyl)-1,3-difluorobenzene 
5-(4'-heptylphenylethynyl)-2-(4"-decylphenylethynyl)-1,3-difluoroben2ene 
5-(4'-octylphenylethynyl)-2-(4"-methylpheny!ethynyl)-1,3-difluoroben2ene 
5-(4'-octylphenylethynyl)-2-(4"-ethylphenyletliynyl)-1,3-difluoroben2ene 
5-(4'-octylphenyletliynyI)-2-(4*'-propylphenylethynyl)-1,3-difluoroben2ene 
5-(4'-octylphenylethynyl)-2-(4"-butylphenyletiiynyl)-1,3-difluoroben2ene 
5-(4'-octylphenylethynyl)-2-(4"-pentylphenylethynyl)-1,3-difluoroben2ene 
5-(4'-octylphenylethynyl)-2-(4"-hexylphenylethynyl)-l,3-difluorobenzene 
5-(4'-octylphenylethynyl)-2-(4"-heptylphenyletliynyl)-1,3-dlfluoroben2ene 
5-(4'-octylphenylethynyl)-2-(4"-octylphenylethynyl)-1,3-difluoroben2ene 
5-(4*-octylphenylethynyl)-2-(4"-nonylphenyIethynyl)-1,3-difluorobenzene 
5-(4'-octylphenylethynyl)-2-(4"-decylplienylethynyi)-1,3-difluorobenzene 
5-(4'-nonylphenylethynyl)-2-(4"-methylphenylethynyl)-1,3-difluorobenzene 
5-(4*-nonylphenyiethynyl)-2-(4"-ethylphenylethynyl)-1,3-difluoroben2ene 
5-(4'-nonylphenylethynyl)-2-(4'*-propylphenylethynyl)-1,3-difluorobenzene 
5-(4'-nonylphenylethynyl)-2-(4'*-butylplienylethynyl)-1 ,3-difluorobenzene 
5-(4'-nonylphenylethynyl)-2-(4"-pentylphenylethynyl)-l,3-dif!uoroben2ene 
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5-(4*-nonylphenylethynyl)-2-(4"-hexylphenylethynyl)-1,3-clitluorobenzene 

5-(4'-nonylphenylethynyl)-2-(4"-heptylphenylethynyl)-1,3-difluorobenzene 

5-(4*-nonylphenylethynyl)-2-(4''-octylphenylethynyl)-1,3-difluorob©nzen 

5-(4'-nonylphenylethynyl)-2-(4"-nonylphenylethynyl)-1,3-difiuoroben2ene 

5-(4'-nonylphenylethynylh2-(4"-decylphenylethynyl)-1 ,3-difluorobenzene 

5-(4*-decylphenylethynyl)-2-(4"-methylph©nylethynyl)-1,3-difluorobenzene 

5-(4'-decylphenylethynyl)-2-(4"-ethylphenylethynyl)-1 ,3-difluorobenzene 

5-(4*-decylphenyIethynyl)-2-(4"-propylphenylethynyl)-1,3-difluoroben2ene 

5-(4'-decylphenylethynyl)-2-(4"-butylphenylethyny!)-1,3-difluoroben2ene 

5-(4*-decylphenylethynyl)-2-(4"-pentylphenylethynyl)-1,3-difluoroben2ene 

5-(4*-decylphenylethyny!)-2-(4"-hexylphenylethynyl)-1,3-difluorobenzene 

5-(4'-decylphenyl0thynyl)-2-(4"-heptylphenylethynyl)-1,3-difluoroben2ene 

5-(4'-decylphenylethynyl)-2-(4"-octylph0nylathynyl)-1 ,3-difluorobenzene 

5-(4*-decylphenylethynyl)-2-(4"-nonylphenyl0thynyl)-1 ,3-difluorobenzene 

5-(4*-decylphenylethynyl)-2-(4"-d0cylphenylethynyl)-1,3-difluoroben20ne 

Example 5 : [Synthesis of Compound (1-e)] 

Preparation of 5-(4'-propylphenylethynyl)-2-(4"-cyanophenylethynyl)-1 ,3-difluoroben2ene 

Steps 1 and 2: 4-Propylphenylacetylene was synthesized in the same manner as Steps 1 and 2 in 
Example 1 . 

Steps 3 and 4: 2-Bromo-1,3-difluoro-4-iodobenzene was synthesized in the same manner as Steps 3 and 
4 in Example 4. 

Step 5: 2-Bromo-1,3-difluoro-4-iodobenzene (20 g) was dissolved in diethylamine (30 ml) under nitrogen 
atmosphere, and then bis(triphenylphosphine)palladium(ll) chloride (0.06 g) and copper(l) iodide (0.06 g) 
were added thereto, followed by stirring. The flask was cooled to S'C or below, and then 4- 
propylphenylacetylene (10 g) was added dropwise thereto. After stirring at room temperature for 5 hours, 
the reaction solution was poured into a mixture of concentrated hydrochloric acid (15 ml) and ice (30 g). 
After extraction with chloroform, the resultant was washed with water twice, followed by distilling off 
chloroform. The residue was distilled under reduced pressure (b.p. 185 to 192 '0/4 mmHg), and then 
recrystallized from a mixed solvent of acetone and methanol to give 4-bromo-3,5-difluoro-4'-propyltolane 
(12 g). 

Steps 6 and 7: 4-Cyanophenylacetylene was synthesized in the same manner as Steps 6 and 7 in 
Example 2. 

Step! 8: 4-Bromo-3.5-difluoro-4'-propyltolane (5.0 g), 4-cyanophenylacetylene (1.9 g), triphenylphosphine 
(0.06 g) and bis(triphenylphosphine)palladium(ll) chloride (0.04 g) were dissolved in triethylamine (33 ml) 
under nitrogen atmosphere, and then copper(l) iodide (0.01 g) was added thereto, followed by reflux for 5 
hours. The reaction solution was poured into water (300 ml), and then extracted with chloroform. After 
washing the extract solution with water twice, chloroform was distilled off therefrom. The residue was 
purified by use of silica gel-chloroform column chromatography, and then recrystallized from a mixed 
solvent of acetone and chloroform to give 5-(4'-propylphenylethynyl)-2-(4"-cyanophenylethynyl)-1,3- 
difluorobenzene (0.7 g). The C-N point and the N^l point of the compound were 147.5*C and 263.9 'C, 
respectively. 

The following compounds were" synthesized in the same manner as the above method: 
5-(4*-methylphenylethynyl)-2-(4*'-cyanophenylethynyl)-1,3-difluorobenzene 
5-(4*-ethylphenylethynyl)-2-(4"-cyanophenylethynyl)-1.3-difluorobenzene 
5-(4'-butylphenylethynyl)-2-(4"-cyanophenylethynyl)-1 ,3-difluorobenzene 
5-(4'-pentylphenylethynyl)-2-(4"-cyanophenylethynyl)-1 ,3-difluorobenzene 
5-(4'-hexylphenylethynyl)-2-(4"-cyanophenylethynyl)-1 ,3-difluorobenzene 
5-(4'-heptylphenylethynyl)-2-(4"-cyanophenylethynyl)-1 ,3-difluorobenzene 
5-(4'-octylphenylethynyl)-2-(4"-cyanophenylethynyl)-1,3-difluoroben2ene 
5-(4'-nonylphenylethynyl)-2-(4"-cyanophenylethynyl)-l,3-difluoroben2ene 
5-(4'-decylphenylethyny!)-2-(4"-cyanophenylethynyl)-l,3-difluoroben2ene 
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Example 6 : [Synthesis of Compound (1-f)] 

Preparation of 1 ,4-bis(4'-propylphenylethynyl)-2,5-difluQrobenzen© 

5 Steps 1 and 2: 4-Propylphenylacetylene was synthesized in the same manner as Steps 1 and 2 in 
Example 1. 

Step 3: 2,5-Difluoroaniline (38 g) was dissolved in acetic acid (120 ml), and then pyridine (25 g) was 
added thereto, followed by stirring. A mixed solution of iodine monochloride (50 g) with acetic acid (30 
ml) was added dropwise thereto. After stirring at room temperature for 1 hour, the mixed solution was 

10 further stirred at 70 to 80 'C for 2 hours. Then, the reaction solution was poured into water, and the 
precipitated crystals were filtered, followed by washing with water. The resulting crystals were dissolved 
in chloroform, and then washed with water twice, further with 10 % potassium hydroxide aqueous 
solution twice, and furthermore with water twice. Then the chloroform was distilled off therefrom. The 
residue was distilled under reduced pressure (b.p. 130 to 140'C/20 mmHg), and then recrystallized from 

76 methanol, to give 4-iodo-2,5-difluoroaniline (50 g). 

Step 4: Sodium nitrite (19 g) was dissolved in sulfuric acid (148 ml), and then acetic acid (170 ml) was 
added thereto at 10 or below. The mixed solution was kept at 20 to 25 'C. and 4-jodo-2,5- 
dlfluoroaniline (50 g) was added thereto during 1 hour, followed by stirring for 2 hours. The reaction 
solution was added dropwise to a mixed solution of copper bromide (49 g) with 48 % hydrobromic acid 

20 (142 ml), and stirred overnight. Then, water (300 ml) was added to the solution, and the resulting solution 
was extracted with chloroform, followed by washing with water 3 times. After distilling off chloroform, the 
resultant was recrystallized from methanol to give 2-bromo-1 ,4-difluoro-4-iodobenzene (45 g). 
Step 5: 2-Bromo-1,4-difluoro-4-lodobenzene (19 g) was dissolved in diethylamine (28 ml) under nitrogen 
atmosphere, and then bis(triphenylphosphine)palladium(ll) chloride (0.06 g) and copper(l) iodide (0.06 g) 

25 were added thereto, followed by stirring. The flask was cooled to S'C or below, and then 4- 
propylphenylacetylene (10 g) was added dropwise thereto. After stirring at room temperature for 5 hours, 
the reaction solution was poured into a mixture of concentrated hydrochloric acid (15 ml) and ice (30 g). 
After extraction with chloroform, the resultant was washed with water twice, followed by distilling off 
chloroform. The residue was distilled under reduced pressure (b.p. 170 to 180 •CM mmHg) to give 4- 

30 bromo-2,5-difluoro-4'-propyltolane (16 g). 

Steps 6 and 7: 4-Propylphenylacetylene was synthesized in the same manner as Steps 1 and 2 in 
Example 1 . 

Step 8: 4-Bromo-2,5-difluoro-4'-propyltolane (5.0 g), 4-propylphenylacetylene (2.1 g), triphenylphosphine 
(0.06 g) and bis(triphenylphosphine)palladium(ll) chloride (0.04 g) were dissolved in triethylamine (33 ml) 
35 under nitrogen atmosphere, and then copper(l) iodide (0.01 g) was added thereto, followed by reflux for 5 
hours. The reaction solution was poured Into a mixture of concentrated hydrochloric acid (16 ml) and Ice 
(30 g), and then extracted with chloroform. After washing the resultant with water twice, chloroform was 
distilled off therefrom. The residue was purified by use of silica gel-chloroform column chromatography, 
and then recrystallized from acetone, to give 1,4-bis(4'-propylphenylethynyl)-2,5-difluorobenzene (2.6 g). 
40 The C-N point and the N-l-point of the compound were 153.4" C and 197.7*C, respectively. 
The following compounds were synthesized in the same manner as the above method: 
1,4-bis(4'-methylphenylethynyl)-2,5-difIuorobenzene 
1-(4*-methylphenylethynyl)-4-(4'*-ethylphenylethynyl)-2,5-difluorobenzene 
1-(4*-methylphenylethynyl)-4-(4"-propylphenylethynyl)-2,5-difluorobenzene 
45 1-(4'-methylphenylethynyl)-4-(4"-butylphenylethynyl)-2,5-difluorobenzene 
1-(4'-methylphenylethynyl)-4-(4'*-pentylphenylethynyl)-2,5-dlfluorobenzene 
1-(4'-methylphenylethynyl)-4-(4"-hexylphenylethynyl)-2.5-difluorobenzene 
1-(4'-methylphenylethynyl)-4-(4"-heptylphenyl8thynyl)-2,5-difluorobenzene 
1-(4*-methylphenylethynyl)-4-(4"-octylphenylethynyl)-2,5-difluorobenzene 
50 1-(4'-methylphenylethynyl)-4-(4"-nonylphenylethynyl)-2,5-difluorobenzene 
1-(4*-methylphenylethynyl)-4-(4"-decylphenylethynyi)-2,5-difluorobenzene 
1,4-bis(4'-ethylphenylethynyl)-2.5-difluorobenzene 
1-(4*-ethylphenylethynyl)-4-(4**-propylphenyiethynyl)-2,5-difluorobenzene 
1-(4'-ethylphenylethynyl)-4-(4"-butylphenylethynyl)-2.5-difluorobenzene 
55 1-(4*-ethylphenylethynyl)-4-(4"-pentylphenyiethynyl)-2,5-difluorobenzene 
1-(4'-ethylphenylethynyl)-4-(4"-hexylphenylethynyl)-2,5-difluorobenzene 
1-(4'-ethylphenylethynyl)-4-(4"-heptylphenylethynyl)-2,5-difluorobenzene 
1-(4'-ethylphenylethynyl)-4-(4"-octylphenylethynyl)-2,5-difluorobenzene 
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1-(4'-ethylphenylethynyl)-4-(4"-nonylphenylethynyl)-2,5-difluorobenzene 
l-(4'-ethylphenylethynyl)-4-(4"-clecylphenylethynyl)-2,5-difluorobenzene 
1-(4'-propylphenylethynyl)-4-(4"-butylphenylethynyl)-2,5-difluoroben2ene 

C-N point 117.7'C. N-l point 183.8 'C 
1-(4*-propylphenylethynyl)-4-(4"-pentylphenylethynyI)-2,5-difluorobenzene 
1-(4*-propylphenylethynylH-(4"-hexylphenylethynyl)-2,5-dlfluorobenzene 
l-(4'-propylphenylethynyl)-4-(4"-heptylphenylethynyl)-2,5-difluoroben2ene 
1-(4'-propylphenylethynylH-(4"-octylphenylethynyl)-2.5-difluorobenzene 
1-(4*-propylphenylethynyl)-4-(4"-nonylphenylethynyl)-2,5-d(fluorobenzene 
1-(4'-propylphenylethynyl)-4-(4"-decylphenylethynyl)-2,5-dlfluoroben2ene 
1 ,4-bis(4'-butylphenylethynyl)-2,5-difluorobenzene 

C-N point 101-4'C, N-l point 169.9 
1-(4'-butylphenylethynyl)-4-(4"-pentylphenylethynyl)-2,5-dlfluoroben2ene 
1-(4'-butylphenylethynyl)-4-(4"-hexylphenylethyny!)-2,5-difluorobenzene 
1-(4'-butylphenylethynyl)-4-(4"-heptylphenylethynyl)-2,5-difluorobenzene 
1-(4'-butylphenylethyny!)-4-(4"-octy!phenylethynyl)-2,5-dlfluorobenzene 
1-(4'-butytphenylethynyt)-4-(4"-nonylphenylethynyl)-2,5-difluorobenzene 
1-(4'-butylphenylethynylH-(4"-decylphenylethyny!)-2,5-difluorobenzene 
1 .4-bis (4'-pentylphenylethynyl)-2,5-difluorobenzene 
1-(4'-pentylphenylethynyl)-4-(4"-hexylphenylethynyl)-2.5-difluorobenzene 
1-(4*-pentylphenylethynyl)-4-(4"-heptylphenylethynyl)-2,5-difluoroben2ene 
1-(4'-pentylphenylethynyl)-4-{4"-octylphenylethynyl)-2,5-difluorobenzene 
1-(4'-pentylphenylethynyl)-4-(4"-nonylphenyiethynyl)-2,5-difluorobenzene 
1-(4'-pentylphenylethynyl)-4-(4"-decylphenylethynyl)-2,5-difluoroben2ene 
1 ,4-bis(4*-hexylphenylethynyl)-2,5-difluorobenzene 
1 -(4'-hexy ipheny lethy ny IH-(4"-heptylphenylethy nyl)-2,5-dif luorobenzene 
1-(4'-hexylphenylethynyl)-4-(4"-octylphenylethynyl)-2,5-difluorobenzene 
1-(4'-hexylphenylethynyl)-4-(4"-nonylphenylethynyl)-2,5-difluoroben2ene 
1-(4'-hexylphenylethynylH-(4"-decylphenylethynyl)-2,5-difluoroben2ene 
1.4-bis(4'-heptylphenylethynyl)-2,5-difluorobenzene 
1-(4'-heptylphenylethynyl)-4-(4"-octylphenylethynyl)-2,5-difluorobenzene 
1-(4'-heptylphenylethynyl)-4-(4"-nonylphenylethynyl)-2.5-difluorobenzene 
1-(4*-heptylphenylethynyI)-4-(4"-decylphenylethynyl)-2,5-difluorobenzene 
1 ,4-bis(4'-octylphenyiethynyl)-2,5-difluorobenzene 
1-(4'-octylphenylethynyl)-4-(4"-nonylphenylethynyl)-2.5-difluoroben2ene 
1-(4*-octylphenylethynyl)-4-(4"-decylpiienylethynyl)-2,5-difluoroben2ene 
1,4-bis(4'-nonylphenylethynyl)-2,5-difluoroben28ne 
1-(4'-nonylphenylethynyl)-4-(4"-decylphenylethynyl)-2,5-difluoroben2ene 
1,4-bis(4'-decylphenylethynyl)-2,5-dif!uorobenzene 

Exannple 7 : [Synthesis of Compound (1-g)] 

Preparation of 5-(4*-butylphenylethynyl)-2-{4"-cyanophenyiethynyl)-1 ,4-difiuorobenzene 

Steps 1 and 2: 4-ButyIphenylacetylene was synthesized in the same manner as Steps 6 and 7 in 
Example 4. 

Steps 3 and 4: 2-Bromo-1,4-difluoro-4-iodoben2ene was synthesized in the same manner as Steps 3 and 
4 in Example 6. 

Step 5: 2-Bromo-1,4-difluoro-4-iodoben2ene (11 g) was dissolved in diethylamine (16 ml) under nitrogen 
atmosphere, and then bis(triphenylphosphine)palladium(ll) chloride (0.03 g) and copper(l) iodide (0.03 g) 
were added thereto, followed by stirring. The flask was cooled to 5"*C or below, and then 4- 
butylphenylacetylene (6.2 g) was added dropwise thereto. After stirring at room temperature for 5 hours, 
the reaction solution was poured into a mixture of concentrated hydrochloric acid (9 ml) and ice (20 g). 
After extraction with chloroform, the resultant was washed with water twice, followed by distilling off 
chloroform. The residue was distilled under reduced pressure (b.p. 170 to 180 'C/S mmHg) to give 4- 
bromo-2,5-difluoro-4'-butyltolane (8 g). 

Steps 6 and 7: 4-Cyanophenylacetylene was synthesi2ed in the same manner as Steps 6 and 7 in 
Example 2. 
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Step 8: 4-Bronno-2.5-clifluoro-4'-butyltolane (5.2 g), 4-cyanophenylacetylene (1.9 g), triphenylphosphine 
(0.06 g) and bis(triphenylphosphin9)palladium(ll) chloride (0.04 g) were dissolved in triethylamine (33 nnl) 
under nitrogen atmosphere, and then copper(l) iodide (0.01 g) was added thereto, followed by reflux for 5 
hours. The reaction solution was poured into water (300 nnl), and then extracted with chlorofornn. After 
washing the reaction solution with water twice, chloroform was distilled off therefronn. The residue was 
purified by use of silica gel-chlorofornn colunnn chromatography, and then recrystallized from a mixed 
solvent of acetone and chloroform to give 5-(4'-butylphenylethynyl)-2-(4"-cyanophenylethynyl)-1,4- 
difluorobenzene (2.9 g). The C-N point and the N-l point of the compound were 145.5*C and 250.1 'C, 
respectively. 

The following compounds were synthesized in the same manner as the above method: 
5-(4'-methylphenylethyny!)-2-(4"-cyanophenylethynyl)-1,4-difluorobenzene 
5-(4*-ethylphenylethynyl)-2-(4"-cyanophenylethynyl)-1,4-difluorobenzene 
5-(4*-propylphenylethynyl)-2-(4*'-cyanophenylethynyl)-1,4-difluoroben2ene 
5-(4*-pentylphenylethynyl)-2-(4"-cyanophenylethynyl)-1,4-difluorobenzene 
5-(4*-hexylphenylethynyl)-2-(4"-cyanophenylethynyl)-1 ,4-difluorobenzene 
5-(4*-heptylphenylethynyl)-2-(4"-cyanophenylethynyl)-1,4-difluoroben2ene 
5-(4*-octylphenylethynyl)-2-(4"-cyanophenylethynyl)-1 ,4-difluorobenzene 
5-(4*-nonylphenylethynyl)-2-(4"-cyanophenylethynyi)-1,4-dlf!uorobenzene 
5-(4*-decylphenylethynyl)-2-(4"-cyanophenylethynyl)-1,4-difluoroben2ene 

Example 8 : [Liquid Crystal Composition] 

In order to compare the properties between the compounds of the present invention and the 
conventional compounds, a liquid crystal composition a which contains 10 % of a compound of Example 1 
as a compound of the present invention, and comparative liquid crystal compositions b to d which contain 
10 % of liquid crystal compounds (i), (ii) and (v) shown in Table 1 above, respectively, were prepared in 
blending ratios shown in Table 2 below, by use of cyclohexanecarboxyiic acid phenyl ester derivates, so- 
called ECH series liquid crystals as base liquid crystals. 
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Table 2 



Liquid Crystal Composition 


a 


b 


- c 


d 


C3H7-<9)-COO-<Q>-OC2Hs 


6.6 


6.6 


6.6 


6.6 


C3H7-(Hy COO ■^^0C4K9 


17.4 


17.4 


17.4 


• 17.4 


C4H9-<2>-cooh(P>-och3 


13.5 


13.5 


13.5 


13.5 


C4H9-(H)-COO-^OC2H5 


13.6. 


13.6 


13.6 


13.6 


C5Hu-(H)-COO-<Q-CCH3 


14.9 


14.9 


14.9 


14.9 


C2H5-<0>-COO^Q)-GN 


12.0 


12.0 


12.0 


12.0 


C4H9O^OOH0-CN 


12.0 


12.0 


12.0 


12.0 


C sH 1 1 O^^oQp^'O'C sH 1 1 


10.0 








C 5Hu ■^CscQocC^C sH 1 1 
CI 




10.0 












10.0 




C sHii OC^COC^C-O-C sHi 1 








10.0 


C2Hs-<;:h-ch2-0~QKn 

1 CH3 


0.08 


0.08 


0.08 


0.08 


The composition ratio is 


indicated by wt% . 



In addition, for further comparison, liquid crystal compositions e to 1 which contain 10 to 30 % of 
compounds of Examples 1 to 7 as compounds of the present invention, and comparative liquid crystal 
compositions m to o which contain 10 to 30 % of conventional liquid crystal compounds currently used for 
increasing the the An in general, were prepared in blending ratios shown in Table 3 below, by use of ECH 
series liquid crystals as base liquid crystals. In Table 3, the composition ratio of each compounds is 
indicated by wt%. 
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Table 3 



Liquid Crystal Composition 


e 


f 


g 


h 


C3H7-(H)-COO-<Q)-OC2Hs 


5.5 


5.7 


5.7 


4.8 


C3H7-(H)-coo-Q>-cx:4H9 


14.2 


14.7 


14.7 


12.6 


C4Hs^(HXcOO-<y>-OCH3 


11.1 


11.5 


11.5 


9.9 


C4H9-(n)^C0OH(p>-0C2Hs 


11.1 


11.5 


11.5 


9.9 




12.1 


12,6 


12.6 


10.8 




12.0 


12.0 




10.0 


C4H9^O>-C00-<y)-CN 


12.0 


12.0 




10.0 




6.0 




12.0 


6.0 


C4H9-(y>-\J^CN 


6 . 0 




12.0 


6 . 0 


CsHu -©<x:<Qck;^C3H7 


5.0 


10.0 


10.0 


10. 0 






10.0 




5.0 


C sH 1 1 -©-CsCSQcsC-O- C sH 1 1 






10.0 


5.0 


CsHu ^CCOCSC^ CN 


5.0 








C2H5^H-CH2-^H^-CN 
CH3 


0.08 


0.08 


0.08 


0.08 
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Table 3 f continued) 




Liquid Crystal Composition 


i 


2 


k 


1 


C3H7^@>-COO-<P^OC2H5 


5.2 


5.2 


4.7 


4.2 


C3H7-<H)-COO-Q>-0C4H9 


13.7 


13.7 


12.4 . 


11.0 


C4H9-<y)-COO-(Q>-CCH3 


10.7 


10.7 


9.6 


8.6 


C4H9-<@>'COO^Q-OC2H£ 


10.7 


10.7 


9.7 


8.7 


C5Hli-<@^COO-<Q^CCH3 


11.7 


11.7 


10.6 


9.5 




8.0 


8.0 


8.0 


S.O 




8.0 


8.0 


8.0 


8.0 


C2H5-<0H0)^CN 


5.0 


6.0 


6.0 


6.0 


c.H9^0hQ^cn 


6.0 


6.0 


6.0 


6.0 


c sH 1 1 ^D<:^cOacOc 3H7 






10.0. 


10.0 


CsHu-OocPc^C-OCN 


5.0 




5.0 


5.0 


C3H7 -©OC^C^-O-CN 


5.0 








• C3H7^C<^C^C5Hii 


5.0 


5.0 


5.0 


5.0 


C3HtO-GC^C^C3H7 


5.0 


5.0 


5.0 


5.0 


C3H7^CO<^C^CN 




5.0 




5.0 






5.0 






C2Hs^h-ch2-OhQK:n 

CH3 


0.08 


0.08 


0.08 


0.08 



0 
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Table 3 (continued) 



Liquid Crystal Composition 


m 


n 


o 


C3H7-<y/COO-<y>-OC2Hs 


5.5 


5.5 


4.6 


C3H7-\H/ coo -^>-0C4Hg 


14.5 


14.5 


11.8 


C4H9-(g>-COO -<Q^0CH3 


11.3 


11.3 


9.2 


C4H9-(H/"^oo hQ>-cx:2H5 


11.3 


11.3 


9.3 


C5Hu-<S)-COO-<P>-CCH3 


12.4 


12.4 


10.1 


C3H7^^CN 


5.0 


5.0 


5.0 




5.0 


10.0 


10.0 




15.0 


10.0 


10.0 


C5Hir-<H>-(OHOK:2H5 


10.0 






C3H7-<2;KQh:00-©-C5Hu 




10.0 


15.0 




10.0 




15.0 






^ 10.0 




C2Hs-*ch<:H2-OhO^'^ 

CH3 


0.08 


0.08 


0.08 



The N-l points and the An) of the compositions a to o were measured. The results are shown in Table 4 
below. 
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Table 4 



Liquid Crystal 
Composition 


a 


b c 


d 


e 


N-I point {<»C) 
An 


70,3 
0.139 


67.8 65.4 
0.135 0.134 


72.6 
n.d. 


65.1 
0.156 




Table 


4 (Continued) 






Liquid Crystal 
Composition 


f 


g h 


i 


j 


N-I point (*»C) 
An 


81,6 
0.177 


79.4 77.2 
0.187 0.185 


80.5 
0.195 


78.2 
0.192 




Table 


4 (Continued) 






Liquid Crystal 
Composition 


k 


1 m 


n 


o 


N-jl point (»C) 
' An 


85.6 
0.209 


93.1 79.2 
0.232 0.119 


80.1 
0. 127 


92.6 
0.128 



Now. the liquid crystal composition a Is compared with the comparative liquid crystal compositions b to 
d. The N-I point of the composition a is higher than those of the compositions b and c. On the other hand, 
the composition d precipitated crystals at room temperature, and consequently An was impossible to be 
measured. Accordingly, it is proved that the liquid crystal composition a which contains a compound of the 
present invention exhibits a wider liquid crystal temperature range than the comparative liquid crystal 
compositions b to d which contain conventional compounds shown in Table 1 . 

Next, the liquid crystal compositions e to I which contain the compounds of the present invention are 
compared with the comparative liquid crystal compositions m to o which contain the conventional 
compounds. As the result, it is proved that the the values of An of the liquid crystal compositions e to I are 
larger than those of the comparative liquid crystal compositions m to o by 0.03 to 0.1 1 . 

Example 9 : [Liquid Crystal Display Device] 

Fig. 1 is a diagrammatic sectional view of liquid crystal cell. As shown In Fig. 1. electrodes 3 consisting 
of transparent conductive films (e.g., ITO films) were formed on each of two glass substrates 1 and 2, and 
then coated with alignment layers 4 consisting of, for example, polyimide. Next, the alignment layers 4 were 
subjected to an orientation treatment by rubbing. Subsequently, the glass substrates 1 and 2 were placed to 
have their electrode carrying sides facing each other and were bonded together through a sealing material 
6. A plurality of sample cells were prepared, and then the liquid crystal compositions a to o prepared in 
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Example 8 were injected into the gap between the glass substrates of a respective sample cell. This was 
followed by pasting a polarization (?) plate 5 outside of substrate 1 and a reflection-type polarization plate 5 
outside of substrate 2, thereby to obtain TN mode-liquid crystal display panels A to 0. The cell gaps d of 
the liquid crystal display panels A to C were set to 9.0um, and the cell gaps d of the liquid crystal display 

5 panels E to O were set so that in each case the value of An»d was in the range of about 1.25 to 1.35 u-m. 

For each liquid crystal display cell thus obtained we measured the threshold voltage (hereinafter 
referred to as Vth), the visual angle dependency of the voltage-light transmittance (hereinafter referred to as 
a), the sharpness (hereinafter referred to as the rise time (hereinafter referred to as Tr) and the drop 
time (i.e., the fall time; hereinafter referred to as Td). These measurements were performed on the 

70 reflection-type sample cells by use of an alternating current static drive. The values of a, 0 and Vth were 
determined according to the following equations: 

VIO (9^=800, T==25*»C) 

VIO (©=50**, T=25<*C) 

VIO (©=80^, T=25*'C) 

V90 (©=80**, T=25*»C) 



with 0: the angle of incident light against cell (the direction vertical to the panel is defined as 0 = 90*); 
VIO. V90: the voltage values that resulted in 10 % and 90 % of light transmittance. respectively. 
25 The rise time Tr Is the time that elapses after a voltage change from V90 to VIO until the transmittance 
is reduced to 10 % (0 = 80*). and the fall time Td is the time required to recover the transmittance to 90 
% when the voltage is changed from VIO to V90 (0 = BO"). 
The results are shown in Table 5 below. 



15 



20 



Vth = VIO 



a = 



B ^ 
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Table 5 



Licjuid Crystal Panel 


A 


5 


C 


D 


£ 


Liquid Crystal 












Compos it ion 


a 


D 


c 




e 


Cell Gap (Mill) 


9*0 


9.0 


9.0 




8.0 


An*d 


1.26 


1.22 


1.21 


- 


1.25 


Vth (V) 


1.621 


1.690 


1.583 




1.347 


a 


1.170 


1.164 


1.161 




1.190 


& 


1.247 


1.264 


1.266 




1.280 


Tr (ms) 


134 


129 


144 




100 


Td (ms) 


212 


183 


210 




132 


Tr + Td (ms) 


346 


312 


354 




232 
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Table 5 (Continued) 



Liquid Crystal Panel 


F 


G 


H 


I 


J 


Liquid Crystal 












Composition 


f 


g 


h 


i 


j 


1 

Cell Gap (Mm) 


7.0 


7.0 


7.0 


7.0 


7.0 


An^d 


1.24 


1.31 


1.30 


1.37 


1.34 


Vth (V) 


1. 633 


1.995 


1.519 


1.516 


1.488 


a 

1 


1.163 


1.149 


1.180 


1.186 


1.189 


B 


1.264 


1.247 


1.270 


1.278 


1.278 


Tr (ms) 


79 


65 


71 


73 


71 


Td (ms) 


109 


92 


96 


90 


107 


Tr + Td (ms) 


188 


157 


167 


163 


178 



50 
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Table 5 (Continued) 



Liquid Crystal Panel 


K 


L 


M 


N 


0 


T.I mi 1 H C^iTM^^ ^ 1 












v^^^ixi ^9 ^ w ^ 1 


V 


JL 


n 


n 


o 


Cell Gap (/^in) 


6.0 


6.0 


10.0 


7.0 


7.0 


An-d 


1.25 


1.39 


1.19 


1.37 


1.34 


Vth (V) 


1. 637 


1.611 


1.645 


1.516 


1.488 


a 


1.189 


1.194 


1.170 


1. 186 


1.189 


B 


1.270 


1.280 


1.259 


1.278 


1.278 


Tr (ms) 


54 


55 


128 


139 


141 


Td (ins) 


81 


90 


189 


191 


196 


Tr + Td (ms) 


135 


145 


317 


330 


337 



By comparison of the liquid crystal panel A which used a liquid crystal composition containing a liquid 
crystal compound of the present invention with the comparative liquid crystal panels B and D which used 
liquid crystal compositions containing the conventional liquid crystal compounds shown in Table 1, it is 
proved that the liquid crystal panel A has a smaller j3 value than the comparative liquid crystal panels B and 
D. Accordingly, the liquid crystal panel A can be driven by high time-sharing addressing in the TN mode 
display. 

Furthermore, a comparison of the liquid crystal panels E to L which used liquid crystal compositions 
containing liquid crystal compounds of the present invention with the comparative liquid crystal panels M to 
O which used liquid crystal compositions containing the conventional liquid crystal compounds, proves that 
the liquid crystal panels E to L have smaller Tr + Td values than the comparative liquid crystal panels M to 
O by 50 to 150 ms. 

When a STN mode liquid crystal display cell was used instead of the TN mode liquid crystal display 
cell used In above Examples, the results obtained were similar to the above results. 

As mentioned above, the compounds of the present invention have an excellent compatibility with other 
liquid crystal compounds, and consequently are very effective for providing liquid crystal compositions of a 
wide practical temperature range and a large value of An by blending them with the general liquid crystal 
mixtures. 

Accordingly, by using liquid crystal compositions containing a liquid crystal compound of the present 
invention, a liquid crystal display device which exhibits a wide practical temperature range and a high-speed 
response can be prepared. 

The compounds according to the present invention are extremely useful as basic components of liquid 
crystal compositions which are used in STN mode display systems which are currently the most widely 
used systems. 

Claims 

1. A tolane derivative represented by the following general formula; 



> 05ei272AlJ_> 
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(1) 



10 wherein R represents a straight-chain alky! group having 1 to 10 carbon atonns, each of Xi, X2, X3 

and X4 represents a fluorine atom or a hydrogen atom wherein at least one of Xi to Xi represents a 
fluorine atom, and Y represents a nitrile group or a straight-chain alky! group having 1 to 10 carbon 
atoms. 

75 2. The tolane derivative according to Claim 1 represented by any one of the following general formulae: 



20 



25 




wherein each of Rl and R2 represents a straight-chain alkyi group having 1 to 10 carbon atoms, 



30 




(1-b) 



35 



40 



45 



50 



wherein R represents a straight-chain alkyI group having 1 to 10 carbon atoms, 



' wherein R represents a straight-chain alkyI group having 1 to 10 carbon atoms, 



(1-c) 



(1-d) 



wherein each of Rl and R2 represents a straight-chain alkyI group tiaving 1 to 10 carbon atoms, 



55 
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CN 



(1-e) 



wherein R represents a straight-chain alkyi group having 1 to 10 carbon atoms, 



Rl 




F 



R2 



wherein each of R1 and R2 represents a straight-chain alkyI group having 1 to 10 carbon atoms, 

and 




(1-g) 



wherein R represents a straight-chain alkyt group having 1 to 10 carbon atoms. 

3. A liquid crystal composition containing at least one tolane derivative as defined in claim 1 or 2. 

4. The liquid crystal composition according to Claim 3, which contains: 

5 to 50 wt% of at least one tolane derivative as defined in claim 1 or 2; and 

30 to 80 wt% of at least one cyclohexanecarboxylic acid phenyl ester derivative represented by the 
following general formula: 



wherein each of R1 and R2 represents a straight-chain alkyI group having 1 to 10 carbon atoms, 
and the cyclohexane ring is in trans configuration. 

5. The liquid crystal composition according to Claim 3, which contains: 

10 to 35 wt% of at least one tolane derivative as defined in claim 1 or 2; 

40 to 70 wt% of at least one cyclohexanecarboxylic acid phenyl ester derivative represented by the 
following general formula: 



wherein each of Rl and R2 represents a straight-chain alkyI group having 1 to 10 carbon atoms 
and the cyclohexane ring is in trans configuration; and 





26 
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10 to 50 wt% of at least one compound exhibiting a positive dielectric anisotropy represented by 
the following general formulae: 




wherein R represents a straight-chain alky I group having 1 to 10 carbon atoms and the cyclohex- 
ane ring Is in trans configuration. 

A liquid crystal display device using a liquid crystal composition as defined in any one of claims 3 to 5. 



I 

I 
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Fig. 1 
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